Introduction
Based on an overview of the research situation and the economic theories of inflation, it can be seen that the price at any time of a country (usually measured by the consumer price index -CPI) is the average prices of goods traded internationally (prices of commodity and services that the country do export or import) and the prices of non-international trade goods (prices of goods and services are produced and consumed domestically). It is possible to summarize the channels of influence on inflation according to Fig. 1 . Fig. 1 . Transmission channels impact on inflation (Nguyen & Nguyen, 2010) So that, the channels affecting the prices of international commercial goods and non-internatinal commercial goods include monetary, credit, interest rates, exchange rates, income, inflation expectations , international prices ...that were macro factors making inflationary pressures. The authors used Vector Autoregression (VAR) model as an appropriate tool for measuring the impact on inflation and put these factors in the VAR model to test the impact of macro factors on inflation.
Overview of research situation
2.1. International researchs Akinboade et al. (2004) studied the relationship between inflation in South Africa with monetary, labor market and foreign exchange market. The authors pointed out that the increase in labor costs and the expansion of money supply had an impact on inflation. In the long term, inflation is inversely associated with interest rates and the expansion of money supply. They also noted that the South African government almost did not have any control over the determinants of inflation, which leaded to be difficult to achieve target inflation. Bodart (1996) studied the effect of exchange rate reform to the inflation of a small opening country by combining fiscal perspective with different exchange regimes. He found that exchange rate adjustment maintained only short-term effect on inflation, while devaluations of domestic currency had long-term effects on inflation. At the same time, the long-term increase of the budget deficit also led to longer inflation. Fung (2002) used the VAR model to analyze the effects of monetary policy on output and inflation in seven East Asian economies: Indonesia, South Korea, Malaysia, Philippines, Singapore, Taiwan, China and Thailand. He divided variables into two groups of policy groups and non-policy groups. Policy group included: composite monetary measure (using M1 to measure), short-term interest rates and exchange rates while non-policy group included world commodity price index, industrial production value, consumer price index CPI. The results show that the VAR model was suitable for studying the volatility of most economies, especially with the time series prior to the Asian financial crisis of 1997 to examine the fluctuation of price and inflation in these economies. The research also pointed out that, with the opening of these economies, exchange rates played an important role in shaping monetary policy. Gambetti et al. (2008) analyzed the contribution of monetary policy on the changes in output and inflation in the United States. With the use of a series data by the time, collected in over thirty years, the study showed that the changes of output and inflation were due to the changes of the shocks in real demand and supply over time. The study also showed a small role of monetary policy in the stability of price and output over time. Aleem (2010) used the VAR model to check three channels of monetary policy transmission in India: credit channels, asset price channels, and exchange rate channels. Initial research proposed a VAR standard model to estimate the dynamic response of GDP, price and interest rates to a shock of tightening monetary policy. Then, other factors were added to the standard model to test the transmission channels of monetary policy and check the validity of the results. The results showed the importance of bank credit channel in the transmission of policy shocks, while exchange rate and asset price channels had not important role in the transmission of monetary policy in India.
Research in Vietnam
One of the first quantitative studies using the vector regression model (VAR) was by Thanh et al. (2000) . The authors used data from 1992 to 1999 in the VAR model with the VECM correction error to examine the relationship between monetary, CPI, exchange rate and actual industrial output values. The authors concluded that the growth rate of nominal money supply, the deviation between the rate of domestic currency devaluation and interest rate had highly significant for forecasting inflation. Research of IMF (2003) also showed similar results on the role of money supply to inflation. This study used the VAR model with seven variables: international oil prices, international rice prices, industrial output, exchange rates, money supply, import prices, and consumer price index for the period from January 1995 to March 2003. The results of this study suggested that intrinsic motivation was an important factor explaining the fluctuation of inflation. Exchange rates had an impact on import prices but had no impact on consumer price index (CPI). This reflects the fact that non-international trade goods accounted for a large proportion of the CPI and import prices did not transfer directly into domestic prices despite the Vietnam's openness was increasing. The study also showed that international rice prices, conditions of domestic aggregate demand and the speed of expanding money supply had little impact on inflation but effects were prolonger. Other IMF research in 2006 using quarterly data from 2001 to 2006 showed the important role of monetary to inflation. Although the results of this study were limited by the relatively small number of observations, the study confirmed that the increasing speed of money supply and credit growth had relationship with inflation. The research also pointed out that inflation expectations and output gap had an impact on inflation while oil price shocks and exchange rates had little role in explaining the volatility of inflation during the study period. In addition, inflation in Vietnam often lasted longer than other countries in the region. This suggests that when people had expectations of inflation, controlling inflation was often more difficult. Camen (2006) used a VAR model with data from February 1996 to April 2005 and found that: (i) credit accounted for 25% of the causes of CPI fluctuation and was a major factor Influencing inflation after 24 months. (ii) total means of payment and interest rates explained only a small fraction of CPI fluctuations (below 5%); (iii) oil prices and international rice prices played an important role and suggested that international price and exchange rates also played a role in explaining the volatility of inflation (19%); (iv) US money supply (M3) as an international measure of liquidity also played an important role in most period of research. Hung and Pfau (2009) showed the impact of monetary policy on the economy including interest rate channel, credit channel, exchange rate channel and asset price channel. The authors clarified three issues: (i) How would rising money supply affect prices and output in Vietnam? (ii) which channel was the strongest channel for the economy; (iii) How long did it take for these channels to operate? The study used the VAR model with variables: output, price, money supply, real interest rate, credit in the economy, real effective exchange rate (REER). In addition, the model also added variables: world oil prices, rice prices, the rate of US federal funds as exogenous variables to control external shocks in the context of the opening of the Vietnamese economy. The authors showed a close relationship between money supply and actual output, but there was no strong connection between money supply and price; Interest rate played less role in monetary policy transmission meanwhile exchange rate channels and credit channels had a stronger role. However, the study did not assess the role of the property price channel as the financial sector of Vietnam had not really developed. Nguyen and Nguyen (2010) used monthly data to analyze the determinants of inflation in Vietnam in the period 2000-2010. Variables in the research model included: CPI, industrial production index, money supply, exchange rates, lending rates and world oil prices, world rice prices, import price indices, asset prices (measured by the stock index), the accumulated budget deficit by the years. Research results indicated that inflation rates had opposite direction relationship to output growth. Inflation in the past influenced current inflation. Meanwhile, the growth rate of money supply or change in interest rate had little or no effect on inflation, world oil prices had no significant impact on inflation. Domestic and international experimental studies indicated the important role of monetary factors on inflation in the long term. In the short term, monetary, credit, past inflation, exchange rates, and international prices were factors making inflationary pressures. Studies showed that the Vector Autoregression (VAR) model is an appropriate tool for measuring the impact of macro factors on inflation.
Research Methodology

Determine macro fators impact on inflation
Macro factors impact on the price of international trade goods
World price
Vietnam is a small economy that implements opening policy so in the international trade relations and it is easy to fall into passive, disadvantageous situation and dependence on world prices. For example, in 2008, when world oil prices soared, inflation in Vietnam rose to double digits. In the period of global economic crisis in 2008 and 2009, international price decreases contributed to reduce inflation in 2009 and 2010. In the case, there are shocks in world price, Vietnam is often importer of inflation.
Exchange Rate
As the exchange rate increases, the VND, Vietnam currency, depreciates against the foreign currency, the purchasing power of the domestic currency is reduced, which would encourage exports and limit imports. This increases inflation in three directions: -(i) Net exports are one of the components of aggregate demand. As exports increase, imports decrease, leading to increased net exports, increase aggregate demand lead to inflation (inflation due to demand pull); -(ii) Exports increase make rising the amount of foreign currency in the economy, if the State Bank intervenes to buy foreign currency to stabilize the nominal exchange rate without timely measures to recover the domestic currency, that will increase the money supply and cause inflation. Even if the State Bank does not intervene, the pressure to increase the volume of money in circulation remains high as exporters sell foreign currencies to commercial banks, getting domestic currency to invest in production or consumption, making pressure in increase inflation. -(iii) Exchange rates rising lead to an increase in the price of imported goods, thereby increasing the level of general commodity prices and exerting pressure on inflation.
From 2005, after Vietnam joined the world trade organization (WTO), foreign capital inflow into Vietnam increased sharply. To stabilize the exchange rate in favor of exports and investment, increase the competitiveness of domestic goods, the State Bank spent trillions of VN dong to buy foreign currencies, that made a total payment means in circulation rising and increased inflationary pressures. Therefore, one of the causes of high inflation in 2008 belonged to the exchange rate policy. Especially, at the end of 2009 and 2010 the US dollar devalued strongly against other currencies, making the depreciation of VN dong became serious, contributing increase inflation. As inflation increased, the State Bank of Vietnam implemented a tightened monetary policy, which pushed the VND interest rate higher in 2008 and the end of 2010, leading to Vietnam fell into the spin "exchange rate -inflation -exchange rate". During the period 2012 -2017, the State Bank was very flexible and successful in using treasury bills to intervene against inflationary effects while maintaining the value of VN dong and increasing foreign exchange reserves.
Macro factors impact on non-international commodity prices
Money supply, Credit and Interest rate
In Vietnam, during the period 2005 -2011, inflation tended to increase due to unpredictable changes. Inflation was raised from one digit to double digits in 2008 and 2011. In 2006, inflation was slightly lower than 2005, however, when the State Bank of Vietnam implemented a loosening monetary policy, combined with inflation expectations and a sharp increase in money supply in 2007, inflation was pushed up to almost 23.1% in 2008. In the next two years, money supply and credit growth remained high, leading to an increase in inflation in 2011 of 18.7%. The main reason for escalating inflation in 2008 and 2011 was the hot growth of money. The good control in money supply growth from 2012 to now has kept the market interest rates remained at a reasonable level, thereby supporting the production and business of enterprises in the economy. Monetary policy has been operated flexible and closely coordinated with fiscal policy, that contribute significantly to macroeconomic stability, inflation control and economic growth (See Fig 2) . 
Income of the economy
Studying the development history of many countries shows that during the periods of high economic growth, inflation tends to increase and vice versa. However, sometimes countries face economic recession attach inflation and sometimes, achieve high economic growth with stable price level. In Vietnam, during the period 2005 -2011, the decline in growth economic combined with inflation increase during this period. From 2012, Vietnam's economy has achieved good GDP growth rate; Aggregate demand tends to increase while price is stable ( Fig. 3 
Property price
In Vietnam, there are not many researches mention the asset price factor as in developed countries because in Vietnam the stock market has not developed so it has very little effect. At the same time, the current price of tangible assets such as real estate is being overvalued so that asset price channels are not considered.
Government Budget Deficit
The budget deficit can be financed by printing more money, or by borrowing money from the public, businesses, and foreign loan. Printing money will increase the base money, increase the money supply, thus exerting pressure on inflation; Borrowing money from households and businesses will create inflationary pressures for the future if the debt to GDP ratio continues to increase or overwhelming private investment due to pressure to increase interest rates; Foreign borrowing, this measure is carried out through the issuance of bonds abroad or term loans. Using international debts to finance the national budget deficit may lead to a loss of financial control, a devaluation of the domestic currency and an increase in inflationary pressures. Meanwhile, the budget deficit and public debt of Vietnam is currently high. In 2016, according to the Government's report, the budget deficit ratio was -4.3%; in 2017 it was slightly reduced to -3.5%; however, this figure remained high (Table 1) . The studies of the relationship between budget deficits and inflation are often difficult to collect data on printing money for budget deficits. The research conducted by Hang and Thanh (2010) used cumulative actual budget deficit data in the model of the research. The results showed that changes in cumulative budget deficits had no impact on inflation in the short term but had little impact on producer price index after 4-5 months.
Exchange Rate
The exchange rate affects not only the prices of international trade goods but also indirectly affects the prices of noninternational trade goods. Due to Vietnam's economy now depends much on imports to meet both production and consumption needs, if there is an exchange rate fluctuations, which will affect on the prices of imported inputs, thus affecting on production costs and aggregate supply. In addition, in the context of domestic savings that are not enough to meet the demand for investment, Vietnam's economy depends on the funding of foreign capital flows, the depreciation of the domestic currency will increase the cost of capital, which means that the rising in inputs expenditure leads to higher production costs, which in turn increases inflationary pressures. It can be seen that the exchange rate is an important factor that affects on inflation in Vietnam. This is consistent with the view of many researchers that for small and developing economies, the level of exchange rate's impact on prices is higher than large economies and developed.
Expected inflation
In Vietnam, many studies have shown that the expectation of inflation is a factor that would greatly affect the inflation rate, because the psychology of the people about the devaluation of the currency will make the effect that impacts directly on consumer price index before transmission through the production channel. Exaggerated expectation of inflation will make the results of the implementation of policies which would not reach plan and indirectly reduce the effectiveness of macro policies.
Data and Methodology
Data collection
The data is collected from reliable domestic and international sources, for example: GDP data and CPI in Vietnam are collected from GSO and on website www.data.imf.org. Data on total payment facilities, volume of credit, average interbank rates, average lending rates in VND are collected from the State Bank of Vietnam, Ministry of Finance and on website www.data.imf.org. International consumer price index data is collected from the International Monetary Fund on website www.data.imf.org. The data series include 52 observations and be collected from quarter 1, 2005 to quarter 4, 2017.
Methodology
To test the impact of macro factors on inflation in Vietnam, the authors used the VAR model. VAR vector regression model is a combination of two methods including Univariate Autoregressive (AR) and Simultaneous equations (Ses). In the VAR model, each variable is interpreted by an equation containing its own latency values and the delay values of the other variables. With the above equation structure, the VAR model can measure the impact from one variable to others by an endogenous interaction mechanism. This useful to test the impact of macroeconomic factors on inflation. The general k-type VAR model has the following form:
In which: + Ai is the square matrix m, i = 1,2,3, ... k; + St = (S1t, ..., Smt); + Yt includes random variable m; + ɛi is a white noise vector; + St vector determines elements, which may include constants, linear, or polynomial trends
The data collected will be entered the model and the following estimation steps will be undertaken:
Step 1: Logarithmic and the variance of data series: Logarithmic transformations can reduce the range of measurement variables, to decrease the difference between the values. The data after being logarithmic will have the "L" in front of each variable.
Getting the variance of data series can allow to create the stopping string. At the end of this process, we created the stopping sequences with the "DL" symbol before each variable.
]
Step 2: The ADF unit test: All the variables after being logarithmic and variance will be tested for stopping behavior through the ADF unit test. Stopping behavior is an important assumption in time series analysis. Data string can only be modeled if they are independent of time, or their statistical properties do not change over time.
Step 3: Estimate the VAR model: After removing the non-stop variables, the remaining variables will be evaluated through the tests, such as: Determine optimal latency; Granger causality test; Chained correlation; the stability of the model test; estimation of reaction functions and variance decomposition. Based on these results, comments, conclusions and suggestions will be made.
Test and Results
Variables and logarithmic
The VAR model used in this study is the multivariate model. Based on a review of the research and analysis of the macroeconomic factors affecting inflation, the authors put 7 variables into the model. Of which there are 6 endogenous variables: Money supply (M2); Credit for the economy (CRE); Short-term interest rate (R); Average interbank exchange rate (E); GDP at constant 2010 prices (GDPR); Consumer Price Index (CPI). In addition, the authors add to the model the international price index (Pw) as exogenous variable ( Table 2 ). The asset price and government budget deficits due to difficulties in data collection and some studies have shown that these factors have little or no effect on inflation, therefore, the authors exclude these factors in the test models. The consumer price index (CPI) is the representative variable for the inflation index, while the gross domestic product (GDPR) represents the income or output index of the economy. At the same time, the two CPI and GDPR variables were adjusted by the sliding averaging method to ensure that shocks reflect the changes relative to the long-term trend of those variables. The following variables CPI, GDPR, M2, CRE, LR, E, PW, after being log as LCPI, LGDPR, LM2, LCRE, LR, LE, LPW and lognormal variants of log data series are denoted as DLCPI, DLGDPR, DLM2, DLCRE, DLR, DLE, DLPW. With model structure like that, the authors examine the response of inflation to different shocks.
Determine the stopping behavior of the variables by the ADF unit test
Verification of the stopping behavior of the variables after being logarithmic and applying the ADF unit test yields: Table 3 , we find that the LPw chain stops at the significance level of 1% (5%, 10%), while the difference in DLGDPR, DLCPI, DLR, DLE, DLM2, DLCRE is 1% (5%, 10%). With the abovementioned stop counting results in the VAR model, all variables will be taken in the first order difference. The data series in this study were quarterly data for the period from the first quarter of 2005 to the fourth quarter of 2017 with all 52 observations, but by running and taking the variance of the variables, the number of variables remaining to run VAR is 45.
From the results of
Estimate and test the variables in the VAR model (1). Determine optimal latency
To determine the variables included in the VAR model, it is important to determine the optimal latency. After running the VAR and using the verification to determine the optimal number of latency periods, according to the statistical standards LR, FPE, AIC, SC, HQ the optimal delay is 3 (Table 4) . According to the results of the Granger causality test (Table 4) , the significance level of 5% can be ascertained: M2 money supply has a causal relationship with CPI; Credit has a causal relationship with the CPI; CPI has a causal relationship with interest rates; Interest rates have a causal relationship with GDPR; M2 money supply is linked to interest rates and credit to the economy; Interest rates are related to credit; Credit has a relationship with interest rates; International prices are related to exchange rates; Exchange rates are related to international prices (P_value value is less than 5%). With a significance level of 10%, it can be further confirmed that international prices have a relationship with credit; exchange rates are related to interest rates. 
(3). Chained correlation
The results showed that the model was not correlated (Prob values> 0.1). The VAR model satisfies the stable condition because the solutions are in the unit circle (Experiment with modulus less than 1) (Table 7) . 
(5). Estimation of VAR model
After checking the stoppage, determining the optimal latency, and checking the Granger causality, chained correlation, the stability of the model, the authors proceeded to estimate the model. (Fig. 3) .
After a shock of increasing output, CPI rose slightly and then fell in the first quarter, then increased in the next quarter, then fell and increased again for three consecutive quarters followed by decrease for one quarter and then slightly increased. CPI tended to remain unchanged when money supply increased in the first quarter, after that CPI increased sharply in the next quarter and declined in two quarters and then rose slightly in the following quarter, while reversed direction for the next two quarters followed by a slight increase. Credit rising that made initially CPI increased in one quarter, then fell in the next two quarters and reversed in two quarters. After that, CPI continued to reverse every two quarters with the decreasing amplitude of fluctuations. The change in exchange rate, that made CPI only increased slightly in the first two quarters but sharply in the third quarter; CPI declined in the fourth and fifth quarters before reversed and stabilized in the following quarter, then decreased onward with small fluctuations. The rising in interest rates reduced CPI in the first quarter, then CPI increased for the two quarters before stabilizing in the following quarter
-Decomposition of variance
Beside the analysis of reaction, decomposition of variance can be used to assess the importance of different shocks in explaining the variability of inflation. From the data in Table 9 , the expected inflation has a very strong impact, which can explain most of the variability of inflation. Next is the money supply, which account for over 10% of the CPI variation, from the 6th quarter explaining nearly 20% of the CPI variation. Credit from the second quarter can explain nearly 10% of the variation in inflation; Output, exchange rates and interest rates can show about 5% of the variation in inflation.
Some discussion from the results of the VAR model
The results from the VAR model have shown the role of macro factors on inflation. The Granger test, reaction function, and variance decomposition have also shown that there are some certain effects of macroeconomic factors such as money supply, credit, interest rates, exchange rates, income, international prices to the inflation. The test results have shown the important role of monetary policy in controlling inflation in Vietnam. Money supply and credit are important factors which can explain the CPI variation or the fluctuation in inflation. The increase in money supply reduces the interest rate, the currency depreciates, the CPI remains constant in the first quarter then increases in the next quarter. This may be explained by the latency of policy implementation. Credit growth lead to increase CPI in the first quarter, before falling for the next two quarters, then reversing continuously with little fluctuation. Therefore, it is necessary to control the scale of credit in line with the orientation target; continue the credit extension in parallel with safety, improve quality and efficiency, ensure system safety and promote reasonable economic growth. The model results also confirm that past inflation plays an important role in determining present inflation in Vietnam. This implies that, in order to fight inflation, the Government and the State Bank must first keep inflation at least in a quarter, thereby gaining public confidence with environment that can control and keep stability price, reduce Response of DLCPI to DLR Response to Cholesky One S.D. Innovations ± 2 S.E. expectations of inflation in the future. This also means that the Government and the State Bank need to maintain the target of inflation control, thereby contributing to macroeconomic stability and rational growth support.
The model results suggest that rising interest rates have reduced CPI in the first quarter in line with the theory, but then CPI rose for the next three quarters before falling back and stabilizing. This fluctuation can explain by the adaptive interest rate policy of the State Bank to stabilize the macro-economy (interest rates adjusted to the fluctuation of inflation). Therefore, the monetary policy of Vietnam in the coming time should continue to pursue the goal of controlling inflation at a moderate level to maintain macroeconomic stability along with keeping interest rates in the economy at the low level. Thereby, supporting businesses in the economy can access to cheap capital, remain business stability and increase the output level.
In addition, the results of the VAR model pointed out that, after the shock of rising in output, the CPI witness a strongly fluctuation. CPI increased slightly in the first quarter then decreased in the second quarter. After recovering in the next quarter, CPI decreased and increased in the next three quarters followed by falling for a quarter and then increased slightly. In fact, inflation increase rapidly in the economy will lead to macroeconomic instability followed. There are periods the economy must face the choice between growth and inflation. In 2008 and 2011 Vietnam's economy had to face with high inflation and economic instability, but in the period 2012 -2017, monetary policy made positive impacts, maintained macroeconomic stability by controlling inflation at a reasonable level, remaining the exchange rate stability, reducing dollarization and boosting credit growth to the priority area, thereby, getting a rational growth while the price was kept at a fairly stable level. This means that the Government and the State Bank need to maintain their inflation control objectives, contributing to macroeconomic stability, supporting rational growth and ensuring social security.
